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VARIABLE EXPOSURE FOR COLOR IMAGE 
SENSOR 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application is a non-provisional of, and claims 
the bene?t of, co-pending, commonly-assigned, U.S. Provi 
sional Patent Application No. 60/649,282 entitled “VARI 
ABLE EXPOSURE FOR COLOR IMAGER,” ?led on Feb. 
1, 2006, by Yose?n and of US. Provisional Patent Appli 
cation No. 60/649,337 entitled “DUAL EXPOSURE FOR 
IMAGE SENSOR,” ?led on Feb. 1, 2006, by Yalfee, the 
entire disclosure of each of Which is herein incorporated for 
all purposes. 

[0002] This application is related to co-pending, com 
monly-assigned, and currently ?led US. patent Application 
No. (Attorney Docket No. 040013-004210US) 
entitled “DUAL EXPOSURE FOR IMAGE SENSOR,” the 
entire disclosure of Which is herein incorporated for all 
purposes. 

BACKGROUND OF THE INVENTION 

[0003] Embodiments of the invention relate generally to 
image sensors. More speci?cally, embodiments of the inven 
tion relate to increasing the signal to noise ratio (SNR) of 
image sensors using variable exposure techniques. 

[0004] Selecting the proper exposure duration for image 
sensors, such as CMOS image sensors (CIS), can be di?i 
cult. If the selected exposure duration is too long, pixels may 
become saturated and the resulting image quality may be 
poor. If the selected exposure duration is too short, pixels 
values may be beloW the dynamic threshold and detail may 
be lost. 

[0005] US. Pat. No. 5,144,442 (the ’442 patent) discloses 
a method to increase the dynamic range of still images (and 
of video streams) by acquiring the same scene With multiple 
exposure periods, then merging the multiple images into a 
single Wide dynamic range image. Conventional techniques 
to obtain multiple images of the same scene include: using 
multiple image sensors; and using tWo sequential image 
acquisitions, one With a long exposure and one With a short 
exposure. The ?rst method is expensive, not only because of 
the need for tWo image sensors, but also because the tWo 
image sensors need to be optically aligned With great 
precision so that the image of any object in front of the lens 
Will be projected on the same pixel roW and column of both 
image sensors. The second method, using sequential image 
acquisitions, is cheaper. Because the tWo acquisitions are not 
done at the same time, hoWever, the resulting image is 
susceptible to motion artifacts. Other conventional tech 
niques (eg US. Pat. No. 5,959,696) offer means to correct 
for such motion artifacts, but those methods are complex and 
expensive. 
[0006] In vieW of the foregoing, improved methods are 
needed to increase the dynamic range of image sensors. 

BRIEF SUMMARY OF THE INVENTION 

[0007] Embodiments of the invention provide a method of 
capturing an image of a scene using an image capture device 
having an array of pixels. The array of pixels includes pixels 
of different colors. The method includes, for a ?rst duration, 
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capturing a ?rst portion of the scene With a ?rst plurality of 
the pixels of a ?rst color, and for a second duration, 
capturing a second portion of the scene With a second 
plurality of the pixels of a second color. The ?rst and second 
durations are different and the ?rst and second durations are 
chosen, at least in part, to improve the signal to noise ratio 
of the image capture device. 

[0008] In some embodiments the method includes, for a 
third duration, capturing a third portion of the scene With a 
third plurality of the pixels of a third color. The ?rst, second, 
and third colors may be red, green, and blue. The ?rst, 
second, and third durations may be different. The array of 
pixels may be a Bayer grid. The image capture device may 
be a CMOS image sensor. The ?rst color may be red, the 
second color may be green, and the third color may be blue 
and tWo of the three durations may be the same. 

[0009] In other embodiments, an image capture device, 
includes an array of pixels having pixels of different colors 
and circuitry con?gured to control the operation of the pixels 
to thereby capture an image of a scene. In doing so, the 
control circuitry causes the pixels to, for a ?rst duration, 
capture a ?rst portion of the scene With a ?rst plurality of the 
pixels of a ?rst color and, for a second duration, capture a 
second portion of the scene With a second plurality of the 
pixels of a second color. 

[0010] In some embodiments, the ?rst and second dura 
tions are different. The circuitry may be further con?gured 
to control the operation of the pixels to thereby capture an 
image of a scene by, for a third duration, capture a third 
portion of the scene With a third plurality of the pixels of a 
third color. The ?rst, second, and third colors may be red, 
green, and blue. The ?rst, second, and third durations may 
be different. The array of pixels may be a Bayer grid. The 
image capture device may be a CMOS image sensor. The 
?rst color may be red, the second color may be green, and 
the third color may be blue, and tWo of the three durations 
may be the same. The ?rst, second, and third durations may 
be chosen, at least in part, to improve the signal to noise ratio 
of the image capture device 

[0011] In still other embodiments, an image capture device 
includes an array of pixels having pixels of different colors 
and circuitry con?gured to control the operation of the pixels 
to thereby capture an image of a scene. The circuitry 
includes means for capturing a ?rst portion of the scene for 
a ?rst duration With a ?rst plurality of the pixels of a ?rst 
color, means for capturing a second portion of the scene for 
a second duration With a second plurality of the pixels of a 
second color, means for capturing a third portion of the 
scene for a third duration With a third plurality of the pixels 
of a third color. The ?rst and second durations are different. 

[0012] In some embodiments the ?rst, second, and third 
colors are red, green, and blue. The ?rst, second, and third 
durations may be different. The array of pixels may be a 
Bayer grid. The image capture device may be a CMOS 
image sensor. The ?rst color may be red, the second color 
may be green, and the third color may be blue and tWo of the 
three durations may be the same. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] A further understanding of the nature and advan 
tages of the present invention may be realiZed by reference 
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to the remaining portions of the speci?cation and the draW 
ings Wherein like reference numerals are used throughout 
the several drawings to refer to similar components. Further, 
various components of the same type may be distinguished 
by folloWing the reference label by a dash and a second label 
that distinguishes among the similar components. If only the 
?rst reference label is used in the speci?cation, the descrip 
tion is applicable to any one of the similar components 
having the same ?rst reference label irrespective of the 
second reference label. 

[0014] FIG. 1 illustrates timing Waveforms a dual expo 
sure image capture device according to embodiments of the 
invention. 

[0015] FIG. 2 illustrates a functional block diagram of a 
circuit to accomplish the dual exposure embodiment of FIG. 
1. 

[0016] FIG. 3 illustrates a functional block diagram of the 
intelligent interpolator of FIG. 3. 

[0017] FIG. 4 illustrates an energy pro?le for an image 
captured by a conventional image capture device. 

[0018] FIG. 5 illustrates an energy pro?le for an image 
captured by an image capture device according to embodi 
ments of the invention. 

[0019] FIG. 6 illustrates an exemplary 3-T pixel circuit 
according to embodiments of the invention. 

[0020] FIG. 7 illustrates an exemplary pixel array for use 
With the circuit of FIG. 6. 

[0021] FIG. 8 illustrates timing Waveforms for the pixel 
array of FIG. 7 

[0022] FIG. 9 illustrates an exemplary 4-T pixel circuit 
according to embodiments of the invention. 

[0023] FIG. 10 illustrates an exemplary 2x2 array 
employing transistor sharing betWeen tWo pixels according 
to embodiments of the invention. 

[0024] FIG. 11 illustrates timing Waveforms for the pixel 
array of FIG. 10. 

[0025] FIG. 12 illustrates an exemplary 2x2 array 
employing transistor sharing among four pixels according to 
embodiments of the invention. 

[0026] FIG. 13 illustrates timing Waveforms for the pixel 
array of FIG. 12. 

[0027] FIG. 14 illustrates an exemplary 2><4 pixel array 
having sharing of pixels and transfer lines according to 
embodiments of the invention. 

[0028] FIG. 15 illustrates timing Waveforms for the pixel 
array of FIG. 14. 

[0029] FIG. 16 illustrates an energy pro?le for an image 
captured by an image capture device using the pixel array of 
FIG. 14. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0030] The ensuing description provides preferred exem 
plary embodiment(s) only, and is not intended to limit the 
scope, applicability or con?guration of the invention. 
Rather, the ensuing description of the preferred exemplary 
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embodiment(s) Will provide those skilled in the art With an 
enabling description for implementing a preferred exem 
plary embodiment of the invention. It is to be understood 
that various changes may be made in the function and 
arrangement of elements Without departing from the spirit 
and scope of the invention as set forth in the appended 
claims. 

[0031] Speci?c details are given in the folloWing descrip 
tion to provide a thorough understanding of the embodi 
ments. It Will be understood by one of ordinary skill in the 
art, hoWever, that the embodiments may be practiced With 
out these speci?c details. For example, circuits may be 
shoWn in block diagrams in order not to obscure the embodi 
ments in unnecessary detail. In other instances, Well-knoWn 
circuits, processes, algorithms, structures, and techniques 
may be shoWn Without unnecessary detail in order to avoid 
obscuring the embodiments. 

[0032] In the ensuing embodiments, methods and circuits 
to improve the dynamic range of image sensors are disclosed 
and claimed. Such embodiments reduce the signal to noise 
ratio (SNR) and/or prevent saturation of CMOS image 
sensors (CIS). Disclosed embodiments do not require mul 
tiple image sensors and do not require capturing multiple 
images at different times. In some embodiments, alternating 
short and long exposure durations are applied for every other 
roW for an image array. In other embodiments, alternating 
short and long exposure durations are applied for every other 
roW pair. In still other embodiments, different exposure 
durations are used for different colors and/or different color 
groups. Exemplary circuits to provide the timing Waveforms 
to implement some embodiments are disclosed and claimed. 
An exemplary algorithm to merge information from alter 
nating exposure pairs of roWs to a seamless Wide dynamic 
range picture or video stream is also disclosed. 

[0033] A CIS-based camera typically adjusts the exposure 
level based on the brightness of the image to be captured. If 
the exposure is too long, some of the pixelsiin particular 
those in the brighter areas of the imageitend to reach 
saturationia point Where they can no longer integrate light 
energy. Image regions With such over-exposed pixels are 
referred to as saturated regions, and pictures With large 
saturated regions are considered to be of loW quality. On the 
other hand, When the exposure time is too short, the energy 
accumulated in some of the pixelsiin particular those in the 
darker areas of the imageiWill be loW relative to the energy 
of the inherent noise, resulting in poor SNR and, again, poor 
image quality. 

[0034] Real-time softWare programs are used With CIS 
based cameras. This softWare measures the energy levels of 
the pixels, extracts basic statistics from the measurement 
results, and then changes the exposure time accordingly so 
as to achieve an optimum picture. The softWare ideally 
converges to an exposure duration that is long enough so that 
a minimal number of pixels in dark area Will exhibit poor 
SNR, but is short enough so that feWiif anyipixels Will be 
in saturation. Such real time softWare programs are generally 
referred to as “Auto-Exposure” functions. 

Dual Expo sure Embodiments 

[0035] In the immediately ensuing embodiments, expo 
sure durations are different for different roWs. In some 

embodiments, the exposure durations are alternated betWeen 
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short and long after every pair of roWs. Such embodiments 
are particularly useful for image arrays that employ Bayer 
grids. The color pattern of the pixels in a Bayer grid has a 
repetition period of tWo roWs. Using different exposures for 
all odd roWs on one hand and all even roWs on the other hand 

may result in the loss of color information. Hence, in some 
embodiments With a Bayer grid, exposure durations are 
alternated every tWo roWs. 

[0036] FIG. 1 illustrates a timing diagram 100 for the top 
eight roWs 102 of a CMOS image sensor (CIS) according to 
embodiments of the current invention. In this timing dia 
gram, roWs n (102-0), n+1 (102-1), n+4 (102-4), n+5 (102 
5), . . . have a long exposure setting, While roWs n+2 (102-2), 

n+3 (102-3), n+6 (102-6), n+7 (102-7) . . . have a short 
exposure setting. For each roW, the exposure period is the 
period of time from the moment the roW is Reset (RST) to 
the moment that the roW is Read (RD). 

[0037] The ratio of long exposure duration to short expo 
sure duration need not be a Whole number. The short 
exposure duration may be any fraction of the long exposure 
duration and may be optimiZed for different environments. 
The ratio may be user selectable or may be determined 
automatically. 
[0038] Those skilled in the art Will appreciate that the 
timing diagram of FIG. 1 corresponds to a “rolling shutter” 
image capture system. Those skilled in the art Will also 
appreciate that other embodiments may be employed for use 
With “global shutter,” or “snapshot shutter,” systems 
Wherein the exposure periods are initiated electronically (by 
resetting the short and long exposure roWs at different times) 
and mechanically ending all the exposures at the same time. 
RoWs are then read sequentially as shoWn and processed as 
Will be described hereinafter. 

[0039] Having described an exemplary timing diagram, 
attention is directed to FIG. 2, Which illustrates an exem 
plary circuit 200 according to embodiments of the invention. 
The timing diagram of FIG. 1, in Which alternating roW 
pairs have different exposure durations, may be imple 
mented in the circuit of FIG. 2. 

[0040] The circuit 200 includes a pixel array 202, a roW 
decoder 204, a read counter 206, a reset multiplexer 208, and 
a readout analog-to-digital converter 210. The pixel array 
202 includes a number of CMOS sensors arranged into roWs. 
The roW decoder 204 addresses roWs to be read in response 
to signals from the read counter 206 and reset multiplexer 
208. The read counter 206 advances through the roWs 
sequentially. The reset multiplexer 210 multiplexes logic 
signals from a long exposure counter 212, a short exposure 
counter 214, and a toggle circuit 216. Those skilled in the art 
Will appreciate that the reset multiplexer 210 may be 
replaced With a reset counter to implement prior art algo 
rithms. 

[0041] The long exposure counter 212 advances the 
address of the roW to be reset for those roWs Which are to 
have long exposure. The short exposure counter 214 
advances the address of the roW to be reset for those roWs 
Which are to have short exposure. The toggle circuit 216 
toggles the reset multiplexer 210 betWeen the long exposure 
counter 212 and the short exposure counter 214 every tWo 
roWs. 

[0042] The readout analog-to-digital converter 210 reads 
the voltages of CMOS sensors in the addressed roW, option 
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ally subtracts the pre-sampled Reset level and/or the Black 
Level, and coverts the output to digital form. The digital 
output is then fed into an intelligent interpolator 218 that 
combines the short and long exposure roWs to form a 
Wide-dynamic range image. The function of the intelligent 
interpolator 218 is described immediately hereinafter. 

[0043] FIG. 3 depicts the operation of the intelligent 
interpolator 218 logically. It includes tWo, tWo-roW buffers 
DL1 (301) and DL2 (302). RoWs are read serially into DL1, 
then through to DL2. Those skilled in the art Will appreciate 
that the interpolator operates on one pixel at a time. If the 
“current roW” is de?ned to be the roW being output from 
DL1, the interpolation functions as folloWs. 

[0044] As each pixel value is clocked out of DL2, it value 
is added to the value of the pixel being clocked from the 
A-to-D converter by the adder 304. The result is divided by 
2 by the divider 306 to produce an average value. This 
operation creates an interpolated pixel value using the values 
of the pixels in the roWs tWo above and tWo beloW the 
current roW. This interpolated roW is herein referred to as a 
“neighborhood roW.” A selection is then made betWeen the 
current pixel of the neighborhood roW and the current pixel 
of the current roW that is being output from DL1. It should 
be apparent that the exposure duration of the current roW 
Will alWays be different than the exposure duration of the 
neighborhood roW. When the exposure duration of the 
current roW is short, the neighborhood roW exposure dura 
tion Will be long, and vice versa. 

[0045] If the current roW is a short exposure roW and the 
current pixel value is above a predetermined threshold (i.e., 
above the noise level), then interpolation is not needed. The 
merger block 308 sets the value of W1 to be 0t (alpha) and 
sets the value of W2 to be 0, Wherein 0t (alpha) is a scale 
factor. As a result, the output of the ?rst multiplier 310 is the 
value of the current pixel of the current roW multiplied by 
the scale factor and the output of the second multiplier 312 
is 0. The values are summed by the adder 314, Which outputs 
the high dynamic range output. 

[0046] The scale factor 0t (alpha) is the ratio of the long 
exposure duration to the short exposure duration. For 
example, if the long exposure duration is 100 ms and the 
short exposure duration is 50 ms, then the scale factor is 2. 
Hence, When the exposure duration of the current roW is 
short and the current pixel value is above the dynamic 
threshold, thus not requiring interpolation, the pixel value of 
the current roW is used, but the value is scaled up to be on 
par With the long exposure duration roWs. 

[0047] If the current roW is a short exposure roW and the 
current pixel value is beloW the predetermined threshold, 
then interpolation is needed. The merger block 308 sets the 
value of W1 to be 0 and sets the value of W2 to be 1. The 
high dynamic range output for the current pixel then 
becomes the neighborhood roW pixel value. 

[0048] When the current roW is a long exposure duration 
roW and the current pixel value is not saturated, then 
interpolation is not needed. The merger block 308 sets W1 
to be 1 and sets W2 to be 0. The high dynamic range output 
for the current pixel then remains the current pixel value. 

[0049] If the current roW is a long exposure duration roW 
and the current pixel value is saturated, then interpolation is 
needed. The merger block 308 sets W1 to be 0 and sets W2 








